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CONFlDEI>lTIAi^ 


^  akS  i  ji/iC  T 

I  Coni idem  ial] 

' 

Tile  Proii  Ll  Mu4li'  radar  l«  a  rescarcti  equipment  whirh 
utlUres  storage  and crosecorrelaliori  techniques  for  Lnl-aJic- 
tr.({  phafce-cohcr in(  gigi.ais  In  the  prpsfciite  oi  noiie.  Thi 
Storage  system  embodied  in  the  Music  radar  is  used  as  a 
delay  device  to  store  periodically  for  subsequent  use  a  copy 
of  the  transmitted  signal.  A  circuit  was  developed  fur  gen- 
eraliiig  a  siep-furiciion  voltage,  properly  stabiUated,  for  use 
at  the  target  o(  the  Radechen  storage  tube  in  switching fro.nn 
a  wilting  to  a  reading  condition.  An  improved  readout  cir¬ 
cuitry,  for  greater  .sinipilcity  and  a  further  enhanced  output 
signai-to-nuisc  ratio,  and  an  effective  system  for  magnetic 
and  eleclrotiUilic  shielding  of  the  storage  tube  and  its  asso¬ 
ciated  circuiiry  a  cre  designed  a  preproduction  Radechivn 
type  C73404  was  obtained  and  '-sed  in  the  storage  system 
aUch  was  inccipurated  iii  (heMusic  equipment.  A  complete 
storage  systi ni  was  developed  and  has  be-en  in  use  in  the 
Music  radar  system  fur  several  years. 


PROBLEM  STATUS 

This  Is  an  interim  report  on  nr.e  pha.se  of  the  problem; 
Work  la  eoniinumg  on  this  and  other  phases  of  the  proble.m. 
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THt,  blChA.u  ^YSTt.M  i‘.l«  PRC^JhC  r  Vl  i?]c 
r-;«4  -■■.  t  ilU 


IJn'RUDUCTUJN 

The  i  equlrfiiiei.it.  uf  Prujtii  Musk  uwolved  tht  development  .«  ;  a..'-  .  r-is‘=r,.T 
feljiUon  r5dar  to  be  used  wii  t:  r‘.-bearrh  cquJ^initv.t.  The  blora^je  trqu.pji.eii'  inv:iuaHo  ’*riu 
In  aund  readout  vlrcultry.  aiora^t-  tut-t  target  swUchlog,  and  a  rtAd^ut  an.i-l'.-u  . 

rapable  of  amplKyiiig  the  dtbired  sl^inaX  whlie  at  the  ^ame  ?ime  eitminatlng  residoAi  &>:'  • 
Ing  transient.-!  due  to  Impfrivi  t  pulat  matching  In  the  target -sAitchlnit  vin  oU.  The  Rudi.^.:. 
barrier  grid  sloragc  tube  *as  seWiled  as  il*e  storage  elenieo'.  tor  the  storage  svslem 
developed  (or  use  In  the  Musk  radar,  on  lh»»  ha»ls  o(  previous  ii.vesligatuujh.'  Ihe  target 
switching  circuitry  and  the  lueih.'d  oi  ..btaiiiiag  a  uscTui,  tr.*nt!ent-{rcf.  ampJJfted  r<Ma.jnt 
slgr^l  were  developed  (or  Investigations  co'iducted  vr.  a  simulaieo  radar  systPin.'  T hi  Si 
approaches  to  the  radar  application  ol  the  Radeclion  have  been  Improved  uivd  sio'.plltl*^*! 
and  are  ihe  basts  of  this  discussion. 

The  Music  radar  requires  the  Bi‘vrage,  or  rfeicn»*.on.  of  a  copy  of  the  transmitted  rl 
burst  which  Is  obtained  from  the  l-l  of  a  nwmitor  recetvur  This  stored  Inhumation  Is 
later  played  back,  or  read  out,  and  mUed  with  Uie  echo-return  signal  Iron;  a  main  receiver 
channel.  Only  otie  copy  of  the  stored  signal  is  reQuired>  although  more,  cui  be  provided. 

No  frequency  trahslatlon  la  required,  tdnee  the  ouipv.t  signal  freq-.^er.ty  15  the  same  a:)  ir.. 
Input  frequency. 


TKiiOKY  OV  OVLRATIOA 

Storage  delay.,  or  the  subsequent  reading  out  ot  previously  written  material,  as  lu'  .r  • 
purated  into  iKe  Musk'  storage,  crosbcurreiatiun  radar,  require^  the  0/  alorate. 

of  a  250-psec  pulse  of  u  40C-kt  rl  frequency,  Tien,  at  some  prodctvi  luuscQ  liu.c  iutcr. 
this  stored  information  Is  extracted,  thus  resulting  «h  a  delay  between  the  reception  and 
ultimate  use  of  the  400'kc  rf  burst. 

To  Initiate  the  sequence  of  operations  for  storing  the  signal,  the  target  plaU-  of  the 
storage  tubfc  must  be  made  approximately  SO  voUs  morv  j^osttlve  than  tho  banter  grid. 
While  the  target  is  in  this  condition,  the  signal  Is  applied  to  Ihe  storage-tube  control  grid. 

In  order  to  xtrA,  or  extract,  the  signal  Irom  the  target,  the  target  plate  lb  switched  to  a 
poieuUal  equal  to  the  barrier-grid  poient»..l.  The  read-wriu-  gate  tubes  that  accomplish 
the  plate-to-barrler-grld  potential  swltchli.g  also  introduce  possible  gale-pulse  foedthreugh 
fr^'m  imperfectly  balanced  switching  tubes,  as  well  as  transient  spikes  from  the  actual 
6W.'  .ng  operation.  The  transients  and  unbalance  would  be  subject  to  ampilllcaiion  In  a 
conventfonaj  amplifier,  along  with  the  deaired  amplfficattor.  of  the  rvadoul  signal.  These 
transients  and  the  pulse  unbaiaace  must  eilniinated,  so  that  only  the  desired  signal 
undergoes  full  amplification.  The  use  of  clamps  on  the  signkl-ampllkvr  chain  which  arc 
controlled  by  pulses,  variable  In  both  width  ar.d  delay,  the  use  of  tuned  amplifiers,  and  the 
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use  of  voltage  regulation  at  the  read-uriti  eJ’e  efleellvcly  eliminated  the  transleiitB  and 
the  efleids  of  gat?  pulse  unbalance,  riie  signal  output  is  elea.i,  translenl-tree,  and  suitable 
fur  subsequent  use  In  the  radar  sysleiii. 


DKSCRll’TlOK  OK  TIIK  SYSTEM 

The  sturks^  svstoni  HpvpIoowI  ar.d  n  m*  ivf  \Uq  M  j*  un 

studies  c  onducted  previously.'^  The  storage  lutif  used  in  tin-  pre-ent  .sjsie.-,!  as  ?  delay 
•■iement  is  a  comnierelal,  preproduetton  version  of  the  handmade  labor aiorv  modtl.s  of  the 
Radechon  employed  In  prevlcjus  study  systems.  This  model,  known  as  the  type  CTS-tOi.  Is 
physlraUi  uallk'i  either  type  STE  Fc  or  STE-C.  Electric  al.y,  this  newer  luce  Is  somewhat 
similar  to  the  type  STE-C.  A  photograph  of  the  Radcc'hor!  type  C7.>4m  may  be  seer.  In 
fig-  i- 


K.g.  1  -  Rrtdvchcn  sCorace  l.ibv,  ty-pr  C7t*t0-1 


Operation  of  the  Storage  Unit 

The  block  diagram  shown  fn  Mg  2  represents  the  circuit  comprising  the  storage  unit. 
The  storage  tube  Is  cadng  used  in  this  cquipmei.t  as  a  single-copy  device,  so  the  beam  cur¬ 
rent  Is  adjusted  fur  complete  erasure  ot  the  target  alter  one  complete  reading  scan.  A 
255-  usec  signal  burst  ol  400-kc  rf  Is  Impressed  on  the  storage-tube  control  grid  at  the 
same  ilme  the  T  portion  of  the  -GfT+RI  (or  •transn.tt”  a.nd  "receive")  unblanklng  pulse 
gates  on  the  electron  beam.  At  this  same  time,  the  read-write  gate  tubes  are  ewliched 
to  «  vrTltlng  coiiuliiuic  uy  a  +T  pulse  of  250-psec  duLTatton.  ihe  electron  beam  Is  Intensity 
modulated  by  the  40U-kc  signal  coiitalned  In  the  250-  irsec  berrst,  and  this  Intensity  modu¬ 
lation  Is  deposited  on  the  storage-cube  target  dldeclrlc  as  eleinentar  charges.  The  total 
.scan  duration  for  writing  Is  also  25J  psec.  but  ihc  sweep  Is  composed  of  five  lines  of 
50  usee  each,  to  provide  a  sufficient  number  of  elements  for  adequate  resolution  of  the 
signal-  Figure  3  lllustrateb  schematically  the  400-kc  driver  ised  to  Intensity  modulate 
the  Radechon  control  grid,  the  two  sets  of  push-pull  sweep  amplifiers,  Uie  Radechon,  and 
the  element  voltage-supply  bleeder  for  the  Radechon.  Figure  4  shows  the  pulse -shaping, 
tarjec-swltchlng,  and  vuUage -regulating  circuitry  comprising  the  balanced  read- write 
gate.  The  pulse  shapers  are  used  to  sharpen  the-  rise  and  fall  times  of  the  -cT  pulse,  to 
permit  matching  the  pulses  as  perfectly  as  possible.  In  order  to  minimize  output  transients. 
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Galr-pul:>e  leedlhrougU  to  the  oi'tput  be  kept  to  a  n>tn  h>*wr.‘..  li.c-.  l-T-t*.  thi;  pialc 
currents  of  the  wu  icatf  lubi  s  arv  balaja  c<l  u-a  cUJteiy  as  .  A  :>  i-.  i.ajahi  tU  puiK.-s 

in  the  output  of  the  rtad-'^rltt  j^aic  can  disr.'i-U-  the  read.vat  anipllfter  due  ;o  back  bia'^- 
Ing  of  the  Input  t.oupll*iK  condensers.  Linployn.er.t  i>f  tuned  an>pUtitrs  (per;  c-rii\ 

because  narrov*'  slgnai  h*ij;J-‘^ldths  viert  sufhc'.mtt  ^ivi  i:->sUiv>  ncKativL  m  rf.r.-- 
iattunat  the  read- write  gale  made  possible  the  viiniinatii'n  uf  the  feedback-blab  siai  iiuu- 
tlon  loop  lurmeriy  used.  Two  condltiunu  must  be-  n;et  for  ih»'  wrltu..*  nju-raiion  V^r^- 
point  B  must  rerr  aln  at  ground  potc-Jitl.il  to  eliminate  gate  puluvs  a  .  -ceding  n-.r  *  ich  i 
the  clernjWi  read  :ut  a.’nplttiei ,  and  second,  a  potential  of  5U  volt  ^  ;  t  p;?.  -.-u 

between  point  A  and  point  B  across  the  1.0~k  :  ;:6lstor.  TTie  read-w-ritp  l  alais-  cn 
tubes  are  normally  In  a  cutoff  condition  and  ai-e  driven  to  cor.duciloii  by  lue  T  ; .. 

re.suUant  current  flow  causes  a  50-volt  drop  across  the  l.O-k  n.^.lstur,  IhcicPv  n  <iki..f. 

U;e  target  plate  of  the  tube  50  volts  m(»r^  pouitV  e  than  the  tisirrler  grid  Tn* 

Intensity  modulation  oi  the  electron  beani  which  has  been  s  vlt'^’.  ed  ou  by  the  -G;T-%K) 
unbla.ikiug  pulse  can  now  deposit  enarges  as  blorud  signal  on  the  adca  dielectric  cL>iii 
prising  the  storage  surface. 

Tlie  change  to  a  reading  condition  Is  Accomplished  by  thv  ♦T  pulse  droppln-x  = 

leaving  the  balanced  read-wrUe  gate  lubes  In  a  cutoff,  nonconducting  condition*,  this 
rerrovta  the  5Q“VdU  dc  potential  between  target  plate  and  harrier  grid.  The  beam  Is 
turned  on  again  by  the  -'CltT4Rl  unOIankiag  pulse,  and  the  target  is  once  again  s^^uimed 
yie  flve-t«;-*»  sweep  alurig  the  e\a«i  pain  taken  by  the  writing  sweep,  me  cnargcs  siortu 
on  the  mica  dielectric  during  writing  now  rnudulatc  the  secondary- electron  llov  reicaiica 
by  tlie  reading  beam.  This  modulation  la  then  removed  from  the  target  as  readout  ^  gr.fvi. 
now  delayed  from  the  writifig  .slg!i4id  by  the  t'me  dUfetj^me  between  Uiv  T  and  R  puis**s. 

This  signal  is  r¥^w  available  tor  turther  processing.  The  balanced  read- write  gate  must 
meet  two  requirements  for  readlr^  operation  of  the  storage  unit.  First,  Uie  target-plate 
potential  must  be  clamped  to  the  barrier  grid,  and  second,  point  A  and  poin<  13  must  L. 
Isolated  and  have  minimum,  capacity  to  ground,  since  the  frequency  response  ol  the  output 
circuits  could  be  reduced  seriously  by  excessive  capacity  at  this  point. 

Vrtf  Hadeciion  storage  unit  Is  shown  in  Klg.  5.  which  shows  the  availaule  fruia  con¬ 
trols  and  metering,  ana  In  Fig.  6,  which  shows  a  rear  view  of  the  unit.  Note-  the  Kwdecnosi 
shield.  This  shield  Is  essential  in  order  to  eliminate  magnetic  and  electrostati.**  inter¬ 
ference.  ihe  base,  or  gun,  end  of  the  tube  is  at  vhe  right,  and  the  target  is  at  the  lull, 
both  are  carefully  shielded.  Circuit  connections  to  the  base  and  target  axe  also  effectlvth 
shielded.  AddUlunai  shielding  U  contained  within  the  verticaJ  chassis  at  either  enQ  ol  U.c 
main  lube  shield,  and  full  use  is  made  of  the  Internal  shield  within  the  Radechon  to  Isolate 
the  input  signals  from  the  output  signals. 

Figure  7  Is  a  photograph  of  the  sweep  waveforms  applied  to  the  storage-tube  push- 
pull  deflection  amplifiers.  The  waveforms  shown  result  in  the  five-line  preseniailua 
shown  in  Fig.  8. 


Operation  of  the  Readout  Unit 

The  readout  unit  (Fig.  9)  can  be  considered  as  being  composed  of  three  sections, 
rhese  are  the  auipliiicauon  chain,  the  diode  ciaiups,  wiUi  their  puiec  tUlvcr«  pha<>e 
Inverters,  and  the  delay  and  gate-pulse  .jenciaiors.  The  amplification  chain  consists  ol 
two  tuned  4Q6*Vc  amplifiers,  followed  by  two  cathode  followers.  The  tuned  amplifiers 
provide  gain,  axiri  their  limited  bandwidth,  sulflclerit  only  to  pass  the  rf-burst  spectrum, 
minimizes  storage-tube  noise.  Three  diode  clamps,  the  second  section,  axe  used  In  the 
readout  amplifier  and  are  placed  as  shown  lu  the  schematic  diagram  of  Fig.  10.  The 


CONFIBEKTIAL 


4 


NAVAl  RESTAftCH  LABORATORY 


CONFIDENTIAL 


I  ■  ttA-'i  f  t  0  ,  w  4'. .  i- 

i  i - •  M.I  sf  • 

Fig.  -  Storage  unit,  block  diagiam 
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Fig.  3  -  Schematic  of  storage  tube,  deflectior.  amplifiers, 
sigsial  driver,  and  Uleeder  siring 
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F)^;.  <<  •  Schematic  of  pul**'  SiMper«Ai:<i  rcA^'write  gatt- 


dlodcti  an»  gated  by  puJsee  from  th«ir  rcspt*ct!ve  phase  inverters  which,  In  turn,  are  drive; 
irurn  a  gale  pulse  generated  in  the  third  sectiur.  uf  the  readout  amplifier  unu. 

The  signal  irom  tiie  storage  unit  is  suite  low  in  amplitude  and  U  oracketed  i)v  trai'.- 
sicnie  re.vuit  li-oni  the  switching  oL  and  on  of  the  *T  pulse.  These  iiar.slcnts  may 

be  accompanied  by  s  sZlgnt  unLalaace  In  the  readr write  gate  pulse  bhi^wlrig  in  the  uutpui. 
These  transients  and  the  unbalance  may  Introduce  rliiglng  at  the  output  of  the  second 
amplifier  stage  of  sviKlctent  amriitude  to  be  u.ideslrable.  The  diode  clamps  applied  to 
the  slgr.al  at  and  alter  the  Urst  amplifier  stage  clamp  and  vlrtuaily  eliminate  ail  ringing 
due  to  transients  aiid  unbalance  to  babe-line  level.  Tlic  delay  generator  and  gate-pulse 
generator  shown  in  /Tg.  II  pro-^ide  Lie  means  cf  eliminating  unoesired  responses  oefore 
and  after  the  readout  signal.  The  ring  at  the  beglimlng  of  the  signrl  is  eliminated  by 
varying  the  delay  g^merator  to  release  the  clamp  Just  after  the  firs*  trai^ient,  and  the 
stretching  of  the  sli;nai  at  the  ^md  due  to  ringing  Is  removed  oy  varyirg  the  gate-pulse 
width  to  apply  the  c  amp  fust  before  the  second  transient.  The  photographs  aliown  In 
Figs.  12  ‘.hiougJi  III  lilubiraie  the  signal  before  storage,  the  signal  after  amplification 
and  cion:plng  In  the  readout  unit,  an  expanded  view  of  this  signal,  showing  its  sinusoidal 
nature,  and  finally  the  signal  aCtei  a  succeeding  tuned  amplifier  used  to  get  additional 
gala  before  furtl;er  data  processing  in  the  radar.  A  schematic  diagram  of  this  final  unit 
is  shown  In  Fig.  Id. 

Photographs  wero  taken  showing  the  time  relationahlps  and  wave  shapes  In  the  storage 
and  readout  units.  Fixture  17  shows,  from  top  to  bottom,  (a)  the  writing  signal  from  Uie 
radar  moniior  receiver,  (b)  the  Radechon  vertical  sweep,  (c)  the  RadecF^n  horizontal 
sweep,  (d)  me  -G(T-*R,  unbliutklng  signal  applied  to  the  storage  tube  cathode,  and  (e)  the 
final  output  signal  niter  clamping  and  amplification  in  the  readout  unit.  These  oscillcscupe 
traces  are  not  presenteid  to  show  amplitude  relationships,  and  it  must  be  pointed  out  that 
the  lower  trace  Is  offset  due  to  the  camera  being  repositioned.  The  signal  pulse  of  the 
lower  trace  should  be  positioned  in  time  directly  beneath  the  R  of  the  -G(T+R)  pulse,  or 
the  second  pulse  from  the  left  in  trace  d,  of  the  unblanklng  pulses.  Figure  18  shows  the 
same  Information,  enlarged  to  show  more  pulse  detail. 
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J-'".!!-  V  -  Ci.in-iped  readout  4:u?,  Mock  ojatj/Air. 


Kl.j.  10  -  Cia.rijed  readout  amplifitr.  diode  clampB. 
and  pula©  driver*,  achemi-Uc 
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>'ig  10  -  Kjr.ii  tur.eti  An.^i*Ner.  ftcheniaUc 


Fig.  17  -  Waveform  time  rela- 
tionahijj*.  {a)400-kt  input  sig¬ 
nal  to  storsgei  (b) 

8we#*n:  (c )  Horizontal  triangu¬ 
lar  sweep;  (d)  -G(i-tR)  pulse; 
(e)  400-kc  output  sigiial  from 
Storage- 


Fig  .  16  -  Expanded  view- 
of  Fig.  17 
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CONCLUSIONS 

The  purpose  these  lnv«»8tifj5»tlons  was  to  develoo  circuitry  for  use  with  'the  Kad^^choi. 
barrier->^ld  storage  tube  to  be  incorpora*eH^  ?«»•?«,  into  th-*  Project  Murlc  reder 

system.  The  readout  circuitry  used  the  operational  version  w'as  redesigned  from  that 
reported  previously. t  Tuned  amplifiers  with  simplified  clamping  resulted  in  tlie  r^^durtinn 
of  the  number  of  one-shot  multivibrators  used  as  clamp-pulse  generators,  and  their  clamp- 

tna  etrrnitn  »r..i  alsn  »1{minnt*H  o  Kicrh>nft«A  ffU^r  Ha  Hrfvpr  TKp  HaIsv  vmm  Homi-v-aoH 

to  be  variable  continuously  for  further  flexibility.  The  shieliliiig,  as  developed,,  w'as  fecund 
to  be  adequate  in  the  presence  of  high-level  signals. 

Voltage  regulation  at  the  read-wTite  gate  was  found  to  give  satisfactory  baseline  stabi¬ 
lization,  and  the  delay  function  of  the  storage  system  performed  in  a  highly  satiufactory 
ntaTiuer.  The  impicivcnicritii  iiicritlr-r..''d  In  an  « ven  ttiovc  favui^ule  uuipui  slgnal- 

to-noise  ratio.  The  storage  system  described  has  been  in  operation  for  more  than  three 
years  and  has  shown  great  reliability  in  its  performance,  and  excellent  stability  also,  as 
ehown  by  the  lack  of  adjustment  needed  after  approximately  3200  hours  of  operation. 

^Ibid 
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Tx>:  Code  1221.1  (C.  Rogers) 


1.  It  is  requested  that  the  NRL  Reports  listed  below  be  declassified.  The 
information  contained  in  these  reports  has  become  public  knowledge  in  the  many 
years  since  first  classified. 


Declassified,  public  release. 
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